A subset of ultraluminous X-ray sources (those with luminosities of less than 10 40 erg s 21 ; ref. 1) are thought to be powered by the accretion of gas onto black holes with masses of 5-20M [ , probably by means of an accretion disk 2, 3 . The X-ray and radio emission are coupled in such Galactic sources; the radio emission originates in a relativistic jet thought to be launched from the innermost regions near the black hole 4, 5 , with the most powerful emission occurring when the rate of infalling matter approaches a theoretical maximum (the Eddington limit). Only four such maximal sources are known in the Milky Way 6 , and the absorption of soft X-rays in the interstellar medium hinders the determination of the causal sequence of events that leads to the ejection of the jet. Here we report radio and X-ray observations of a bright new X-ray source in the nearby galaxy M 31, whose peak luminosity exceeded 10 39 erg s
21
. The radio luminosity is extremely high and shows variability on a timescale of tens of minutes, arguing that the source is highly compact and powered by accretion close to the Eddington limit onto a black hole of stellar mass. Continued radio and X-ray monitoring of such sources should reveal the causal relationship between the accretion flow and the powerful jet emission.
XMM-Newton first detected XMMU J004243.61412519 on 15 January 2012 (ref. 7) at an X-ray luminosity of 2 3 10 38 erg s 21 (for a distance to M 31 of 0.78 Mpc (ref. 8)), with an X-ray spectrum that could be fully described by a hard power-law, characteristic of subEddington accretion (mass accretion rates ,70% of the Eddington limit 9, 10 ). The source then rose to .10 39 erg s 21 in two subsequent detections, fulfilling the traditional definition of an ultraluminous X-ray source (ULX; although other definitions exist, the term ULX is numerical rather than physically motivated) 11 and significantly above the cutoff luminosity of the X-ray luminosity function of M 31 (ref. 12), which shows no sources more luminous than 2 3 10 38 erg s
. At the peak luminosity of (1.26 6 0.01) 3 10 39 erg s
, the X-ray spectrum seemed similar to that of Galactic black-hole X-ray binaries (BHXRBs) at mass accretion rates close to or above the Eddington limit 13 . In such cases, the emission is dominated by an optically thick accretion disk 2 whose spectrum may appear broadened because the accretion process is no longer radiatively efficient 14 . This can be accompanied by a second, weaker, thermal component at higher energies, possibly due to Compton up-scattering of disk photons in a wind or photosphere. These two components are also required to fit high-quality spectra of nearby 'low-luminosity' ULXs 3, 15 , implying that similar accretion processes are taking place. Although the intrinsic emission can potentially be amplified through geometrical beaming 16 , this is thought to be important only for ULXs above 10 40 erg s
. After the X-ray outburst, the source was monitored by the Swift and Chandra missions for more than 8 weeks (see Fig. 1 and Supplementary Table 1 ), until the source was no longer observable because of the Sun angle. The X-ray luminosity decreased slightly to ,10 39 erg s
, with the spectrum evolving to be fully described by emission from a standard accretion disk 2 with a peak temperature characteristic of high-mass-accretion-rate Galactic BHXRBs 9 . Both the timescale for the X-ray spectral variations and the temperature of the disk component rule out an interpretation as a background active galaxy.
A subsequent period of X-ray monitoring showed the source to remain disk-dominated while decaying to a luminosity of ,7 3 10 37 erg s
. The correlation of luminosity with disk temperature as L / T 4 is a well-established observational tracer of sub-Eddington accretion. We find that the best-fitting spectral parameters (see Supplementary  Table 2 ) deviated strongly from this correlation when the source was brightest: the temperature decreased with luminosity ( Supplementary  Fig. 2 ). Such behaviour is well documented in ULXs 17 , strengthening our identification of this object as a member of this class, albeit a lowluminosity one.
The X-ray detection of this nearby bright source motivated a series of radio observations by the Karl G. Jansky Very Large Array (VLA; see Supplementary Table 3) , Very Long Baseline Array (VLBA) and Arcminute Microkelvin Imager Large Array (AMI-LA). The radio light curves are shown in Fig. 2 (observational details are provided in Supplementary Information). The source was initially detected by the VLA at a highly significant level (.40s), with a 4-5s AMI-LA detection the following day. The spectral index (defined by S n / n a ) measured by the VLA was slightly inverted, at a 5 0.27 6 0.16.
The AMI-LA monitoring demonstrated that the radio emission was variable on timescales of days, as confirmed by a detection of strongly reduced emission by the VLA (Fig. 2 ) and a non-detection by the Combined Array for Research in Millimeter-wave Astronomy (CARMA). Previous, well-characterized, radio-luminous ULXs have been identified with emission from an optically thin, diffuse nebula believed to be powered by the bright accretion flow 18 . The radio variability from XMMU J004243.61412519 demonstrates that the emission cannot be nebular in origin. Furthermore, the unresolved VLBA detection shown in Fig. 2 constrains the size of the emitting region to be ,1,500 AU. This size limit, together with the variability on a timescale of days, confirms that the radio emission must originate in a relatively compact, relativistically outflowing region with a brightness temperature .6 3 10 6 K. BHXRBs accreting at sub-Eddington rates produce powerful, persistent radio jets; the radio and X-ray emission are strongly correlated and are linked to black-hole mass through the 'fundamental plane of black hole activity' 19, 20 . However, the thermal, disk-dominated X-ray spectrum after the peak of the outburst implies accretion at a relatively high fraction of the Eddington limit 10 (3-100%). The fundamental plane relation does not hold for sources accreting at such high mass accretion rates and so cannot be used to constrain the mass of the black hole. At these high accretion rates, the radio emission from BHXRBs is instead observed to undergo flaring periods, associated with transitions from hard to soft X-ray spectral states 5 . Indeed, scaling the radio and X-ray flux from this source to be within our Galaxy would give fluxes similar to soft, bright, radio-flaring BHXRBs such as GRS 19151105 and Cygnus X-3 (ref. 21 ). The observed X-ray and radio emission of this source is therefore fully consistent with analogous behaviour, and the radio emission is probably associated with shock acceleration of particles within ejections moving away from the black hole 22 with a high Lorentz factor (C $ 2; ref. 5) .
The AMI-LA light curve (Fig. 2) suggests multiple ejection events, although the observed inverted, optically thick, spectrum is at odds with the optically thin emission expected from the later stages of an expanding synchrotron-emitting plasma. Either the VLA observed the early, self-absorbed stage of a flare or there is additional, free-free absorbing material in the environment of the source.
A search for shorter-timescale fluctuations in the VLA data revealed significant variability in the first epoch, on a characteristic timescale of several minutes (Fig. 2) . Regardless of whether we attribute this to intrinsic variability or to scintillation (see Supplementary Information), this timescale implies a source size of only ,5 AU (a few microarcseconds at the distance of M 31), constraining the emitting region to be highly compact.
There are clear similarities between the behaviour of XMMU J004243.61412519 and the few 'super-Eddington' Galactic BHXRBs. Of these, the canonical microquasar GRS 19151105 is the only one whose luminosity regularly exceeds 10 39 erg s 21 and that would sometimes appear as a ULX to an extragalactic observer 23 . Multiwavelength studies of the disk-jet coupling in GRS 19151105 (ref. 24 ) have identified both 'plateau' states with steady jet emission at lower mass accretion rates and 'flaring' states with rapid radio oscillations at accretion rates around the Eddington limit, accompanied by an extremely soft X-ray spectrum. The latter, minute-timescale 25 radio flaring, has been observed to occur immediately after a major radio flare, accompanied by X-ray brightness changes that are dominated by variability above 3 keV. If the short-timescale radio variability we observe is intrinsic (see Supplementary Information), it could be an analogue of this behaviour, although we would not expect to detect the X-ray variability in our observations because the flux above 3 keV is extremely low as a result of the greater source distance. Although GRS 19151105 shows clearly analogous behaviour, when scaled to a similar distance our source is approximately an order of magnitude more luminous in the radio band, with a variability brightness temperature for the flares of ,7 3 10 10 K (see Supplementary Information). Such a discrepancy can readily be explained by differences in the inclination angle of the jets to our line of sight; GRS19151105 is highly inclined and thus Dopplerdeboosted, whereas we may be looking closer to the jet axis in XMMU J004243.61412519. This physical picture is supported by comparison with the Galactic BHXRBs, Cygnus X-3 and V4641 Sgr, both of which have reached similarly high radio luminosities and probably have low angles to the line of sight 26, 27 . Our source seems particularly well matched to V4641 Sgr, which reached ,0.5 Jy in its 1999 outburst 28 , and has also shown similarly high brightness temperatures. The coupled radio and X-ray behaviour in this source is fully consistent with a picture of a BHXRB rising above the Eddington limit in outburst then dimming to a bright sub-Eddington state, with radio flaring analogous to that seen in GRS 19151105 and other BHXRBs 5 .
We can therefore make a secure identification of the compact object in this source as a black hole of stellar mass (,70M [ ).
Because the source remains in a disk-dominated state down to ,7 3 10 37 erg s
, and the lower limit for such a state is ,3% of the Eddington limit 10 , this constrains the mass of the black hole to ,17M [. However, because the joint radio and X-ray behaviour implies Eddington-rate accretion 5 at the peak luminosity of ,1.3 3 10 39 erg s
, we favour a more conservative mass estimate of ,10M [ . We can also constrain the nature of the companion star from archival optical data 29 . The field does not contain a source within 3 arcsec (where the positional accuracy from the VLBA observations is extremely high; Tables 1 and 2 ). An upper limit from an XMM-Newton observation taken a week before the source brightened is also included. b-f, Spectral data (black points with 90% error bars) and best-fitting models (in red; see Supplementary Information and Supplementary Table 2 ) from which the unabsorbed luminosities are calculated. b, The first detection before the peak brightness shows a spectrum that can be fully described by a hard power-law. c, As the source brightens to a peak luminosity of 1.26 3 10 39 erg s
, the spectrum evolves to one requiring emission from an optically thick accretion disk (dot-dashed blue line) and a second, weaker thermal component (dot-dashed red line) that may be related to a wind or photosphere. Such spectra are also seen in high-mass-accretion-rate BHXRBs 13 and low-luminosity ULXs 3, 15 . d, As the source dims to ,10 39 erg s
, the spectrum becomes fully dominated by the disk component. e, The spectrum remains disk-dominated but the luminosity decreases, similar to BHXRBs decaying after an outburst. f, The most recent XMM-Newton observation demonstrates that the source remains disk-dominated down to ,7 3 10 37 erg s
, which places an upper limit on the mass 10 of ,17M [ .
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see Supplementary Information) down to V < 25 and B < 26, ruling out an identification of the companion as an OB star and implying that the system is accreting from a star of lower mass, similar to other transient, low-luminosity ULXs 3, 30 . This also provides further evidence that the emission is not associated with a background active galaxy, which would be substantially brighter.
Because the X-ray properties of the source are typical of the class 3, 15, 17 , we confidently extend the identification of Eddington-rate accretion onto a black hole of stellar mass in XMMU J004243.61412519, to the larger population of low-luminosity ULXs (a substantial component of the overall population, with up to 80% having luminosities of (1-5) 3 10 39 erg s
. As a result, this implies that we have a large population of sources from which to develop models for Eddington accretion. In our own Galaxy we are limited to a very small number of such sources, and the large absorbing column through the plane of our Galaxy prevents a clear view of the Eddington-limited accretion flow. However, this is not the case for the vast majority of extragalactic sources, allowing the properties of the infalling matter to be accurately determined. Understanding how the disk and associated outflows behave in this regime will allow us to address outstanding cosmological problems including how outflows from quasars redistributed matter and energy in the early Universe.
Assuming that the properties of this source are representative of the larger population, we can consider the possibility of detecting similar events in future. The sensitivity of the VLA would allow us to detect a similarly relativistically beamed event out to 4 Mpc, or 0.5 Mpc if unbeamed. The X-ray monitoring cadence for M 31 has yielded two candidates in 10 years; although the monitoring was not constant, this is roughly consistent with the observed rate of Galactic BHXRBs with low-mass companions whose outbursts reach the Eddington luminosity. It is therefore a realistic prospect (see Supplementary Information) that future observations of transient ULX systems in nearby galaxies, using sensitive radio telescopes, will permit detailed diskjet coupling studies and in doing so will significantly expand our understanding of Eddington accretion and associated phenomena. Fig. 1 ). The resulting high noise level close to the ULX hindered the standard image-plane source fitting methods used for the VLA and VLBA data. To estimate the significance of the AMI points, we have plotted both the 3-sigma and 5-sigma noise levels (dot-dashed and dotted lines, respectively), showing both a standard and a (favoured) more conservative detection threshold. b, Radio light curves binned to an interval of 6 min (the phase referencing cycle time), showing the short-timescale variability during the first VLA observation. There is an additional 1% systematic uncertainty on the overall flux scale. We are unable to determine conclusively whether the observed variability is intrinsic to the source or whether it arises from scintillation in the interstellar medium. Regardless of the mechanism involved, this constrains the source size to #6 mas. c, Corresponding spectral indices derived from the two VLA observing bands centred at 5.256 and 7.45 GHz. d, VLBA image of the source. Colour scale is in mJy per beam, and the contours are set at levels of 6(!2) n times the root mean squared noise of 21 mJy per beam, where n 5 3,4,5. The source is unresolved down to a beam size of 2.0 3 1.2 mas 2 in position angle 226u east of north. The (J2000) source position, measured relative to J003814137 and before performing any self-calibration, is RA 00 h 42 min 43.674360(9) s, dec. 41u 259 18.7037(1)0. Error bars in all panels show the statistical uncertainties at the 1s level.
LETTER RESEARCH
